Protein kinases were separated from rat kidney nuclear extract by hydroxylapatite column chromatography. Five
genes. This process requires receptors to bind to regulatory DNA sequence elements located close to the target genes [6] [7] [8] [9] . It has also been demonstrated that steroid hormone receptors which have functional properties similar to those of thyroid hormone receptors [10, 11 ] could be phosphorylated, although the role of the phosphorylation events has not been thoroughly clarified [12, 13] . Recently, it has been reported that c-erb A product was also phosphorylated under stimulation of cyclic adenosine 3', 5'-monophosphate (cyclic AMP)-dependent protein kinase or of protein kinase C [ 14] . However, it is not certain whether thyroid hormone receptors are phosphorylated through the activation of protein kinase present in the nucleus or not. In this study, we aimed to identify the kinase(s) which phosphorylates c-erb A protein in rat kidney nuclei. Construction of plasmid and Preparation of c-erb A protein Construction of plasmid, pNTR which expresses human c-erb A protein in E. coli, and the preparation of c-erb A protein was performed as previously described [5] . In this plasmid, the entire coding region of human c-erb A [2] is located in the blunt-ended Ncol site of pKK233-2. This construction located the first methionine codon of the translated region of c-erb A cDNA at 13 bases downstream of the lacZ ribosome binding sequence (AGGA) of pKK233-2 and produced a non-fusion c-erb A protein. Additionally, in order to increase the yield of the protein, the DNA sequence containing the c-erb A DNA and promoter region was transferred to a pUC plasmid, which has an extremely high copy number in E. coli. After propagation of E. coli (JM103) that were transformed with pNTR, the expression of c-erb A was induced by isopropyl-B-D-thiogalactopyranoside without glucose. After 14 h incubation, E. coli collected by centrifugation was solubilized by sonication and freezing.
Preparation of and-c-erb A antibody c-erb A expressed in E. coli was partially purified by sequential fractionation with hydroxylapatite, mono Q-Sepharose and Sephacryl S-200 or S-300 column chromatography and was localized in SDS-PAGE [5, 16] . A protein band of synthesized c-erb A product (50 kDa) was excised from the gel and was eluted from the gel by electrophoresis. 
Results
Characteristics of [125I]T3 binding to the c-erb A protein expressed in Escherichia Coli As previously described, the 50 kDa product of c-erb A bound T3 with an affinity constant of Isolation of protein kinases from rat kidney By hydroxylapatite column chromatography of rat kidney nuclear extract, 5 different protein kinase activities (I-V) were separated when histone (whole histone) was used as a substrate (Fig.1) . When casein was used as a substrate, protein kinases I and II were detected (data not shown). The activity of protein kinase I was dependent on cyclic AMP.
[125I]T3 binding activity (nuclear T3 receptor) was eluted with 0.22-0.28M sodium Isolation of protein kinases from rat kidney nuclei. Nuclear extract obtained from rat kidney was applied to a column of hydroxylapatite, and proteins were eluted with 200 ml of linear gradient of sodium phosphate buffer (pH 7.4) as described under "Materials and Methods". Protein kinase activity was 
Discussion
We previously demonstrated that cyclic AMPdependent protein kinase prepared from rat liver stimulated the phosphorylation of c-erb A-t3 protein in vitro [24] . Goldberg and his coworkers demonstrated that the phosphorylation of c-erb A product was enhanced 10-fold by treatment of the avian erythroblastosis virus-transformed cells with activators of either protein kinase C or cyclic AMP-dependent protein kinase [14] . We observed that cyclic AMP-dependent protein kinase, which was present in rat kidney nuclei, phosphorylated the c-erb A protein.
Thus, the cyclic AMPdependent kinases, both extra-and intranuclear c-erb A product. The results suggested that there might be several kmases which are distinct from these kinases During our studies, we observed that c-erb A protein expressed in E colz enhanced the phosphorylation of 55 kDa protein which was one of the components of E coil (Fig 4) . We could not characterize the precise mechanism of c-erb A product-induced augmentation of phosphorylation. However, the fact that the enhancement was only observed in the presence of protein kinase III indicated that the c-erb A product has the potency to activate the enzyme. Analysis of stoichiometry of c-erb A protein phosphorylation showed that it was low (1:80). The precise reason why the value was low could not be solved. A certain mechanism, such as the interaction of the enzyme with certain molecule(s), might be required to complete activation of the enzyme.
Steroid hormone receptors, whose structural and functional properties are closely related to those of thyroid hormone receptors, were reported to be phosphorylated. Although the role of these phosphorylation events has not been thoroughly clarified, the phosphorylation appeared to correlate with the hormone-binding capacity of the receptor [ 12] or with hormone-induced transformation of the receptor to a high nuclear affinity state [ 13] . While the role of phosphorylation of c-erb A protein by nuclear protein kinase is no doubt important, the action of the phosphorylated c-erb A protein remains to be elucidated.
